The Global Physical Activity Questionnaire (GPAQ) was developed as an improvement of the International Physical Activity Questionnaire (IPAQ) for use in cross-cultural settings. This study compared the reliability and validity of GPAQ and IPAQ in Vietnam. Methods: 251 adults were randomly selected from a population-based survey (n = 1978) of noncommunicable disease risk factors. GPAQ and IPAQ were administered on 2 occasions. Participants wore pedometers and logged their physical activity (PA) for 7 consecutive days. Results: Test-retest correlations of GPAQ measurements differed for participants (n = 153) with stable work patterns (work PA r = .43, total PA r = .39) and those (n = 98) with unstable work patterns (work PA r = -0.02, total PA r = -0.05). IPAQ measurements did not differ in this way. GPAQ reliability was poorer for transport (GPAQ r = .25, IPAQ r = .60) and for leisure (GPAQ r = .21, IPAQ r = .45) PA. GPAQ estimates of total PA for participants with stable work patterns were moderately correlated with IPAQ total PA (r = .32), steps per day (r = .39), and PA log (r = .31). Conclusions: The modifications made when designing GPAQ improved its reliability for persons with stable work patterns, but at the expense of poorer reliability for persons with more variable PA. GPAQ did not have superior validity to IPAQ.
Together with other changes in lifestyle during industrialization and urbanization, physical inactivity is likely to be an important contributor to the growing burden of noncommunicable diseases in developing countries such as Vietnam. 1 This provides a need to monitor levels and trends in physical activity participation, as has been done for the past few decades in many developed countries.
An adequate surveillance instrument for developing populations would need to be sufficiently sensitive to capture variation in possibly low levels of physical activity in industrialized settings yet sufficiently versatile to capture the diversity of activity in rural settings, where work patterns tend to change according to season and progress of crops. This may make it difficult to accurately measure habitual physical activity patterns among such populations using currently available instruments, which have been largely designed for use among Western populations.
Currently, there are 2 questionnaires that have been developed for use in developing populations: the International Physical Activity Questionnaire (IPAQ) and the Global Physical Activity Questionnaire (GPAQ). The IPAQ was developed as the first international effort to provide a comparable self-report measure of physical activity across countries and settings. 2 It has been intensively tested and found to have reasonable reliability and validity. [3] [4] [5] [6] [7] The long version collects information within the domains of occupational activities, household and yard-work activities, self-powered transport, and leisure time activity. For those who currently do not have paid work or unpaid work outside their home, the occupational domain is skipped. The questionnaire also has additional questions on sedentary activity. 8 The GPAQ was developed by the World Health Organization (WHO) following a review of existing physical activity questionnaires, particularly IPAQ, for their usefulness in the developing country setting. 9 It is one component in the "STEPwise approach to surveillance of non-communicable diseases" (STEPS) methodology that is designed for use in population surveys of noncommunicable disease risk factors. 10 GPAQ is a compromise between the short (9 questions) and long (27 questions) versions of IPAQ. It is a 14-item questionnaire designed to measure 3 domains of physical activity: work (paid and unpaid activities inside and outside the home), transport, and recreation or leisure. Information is sought on time spent in moderate-intensity and vigorous-intensity activities within each domain. There are additional questions on time spent in sedentary activity. It differs from IPAQ in 2 major ways. Firstly, whereas work activities and household activities constitute separate domains of IPAQ, they are combined in the work domain of GPAQ. Secondly, GPAQ focuses on physical activity in a 'typical week,' whereas IPAQ focuses on 'the last 7 days.' In addition, GPAQ includes walking in moderate intensity activity while IPAQ assesses walking separately.
Despite being used in many countries, [11] [12] [13] [14] GPAQ has been tested in only 1 cross-country study from which detailed findings are not yet published. 9 It is not known whether GPAQ is an appropriate instrument to measure total physical activity in a country where a substantial proportion of the people have unstable work patterns. This study aimed to compare the reliability and validity of GPAQ and IPAQ using a subsample of participants in a STEPS survey of the population of Can Tho in southern Vietnam.
Methods

Sample
The Can Tho STEPS survey selected 2683 eligible subjects age 25 to 64 using stratified multistage sampling. Measurements consisted of behavioral risk factors (smoking, alcohol consumption, fruit and vegetable consumption and physical activity); physical measurement (weight, height, waist and hip circumferences, and blood pressure); and blood biochemistry (fasting total cholesterol and fasting blood glucose). The STEPS instrument was translated and measures were performed in accordance with STEPS protocols. 15 Findings from that study have been published elsewhere. 16 Subjects of this study were selected as follows. Firstly, simple random sampling was used to select 3 rural and 3 urban communes from the 8 rural and 8 urban communes selected in the population survey. Systematic random sampling was then used to select every third person from the list of eligible subjects of each of the 6 selected communes. Of the 325 eligible subjects chosen, 77.2% (251/325) presented at survey clinics and participated in this study. At the second contact, 96.4% (242/251) of them participated.
Written informed consent was obtained from participants. The Ethics Committee of Can Tho University of Medicine and Pharmacy approved the study. Data collection was carried out from July to December 2005.
Measurements
At the clinics, GPAQ and IPAQ were administered faceto-face by trained interviewers. Participants then wore pedometers and completed a physical activity log for 7 consecutive days. Three weeks after the clinic, GPAQ and IPAQ were readministered at a home visit. GPAQ was administered before IPAQ by different interviewers at both administration time-points.
The questionnaires were translated and back-translated by independent translators. Care was taken to ensure that the words retained their meaning and were culturally sensitive. Show cards with examples of local activities were used to help participants understand the questions in GPAQ. The form of IPAQ used was the long format, telephone, last 7 days. 8 The Vietnamese version of the IPAQ-L (long version) used in this study was approved and posted on the IPAQ website.
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The Yamax SW-200 pedometers used in this study have been shown to have superior accuracy and reliability. 18, 19 Participants were instructed to attach the pedometer to their belt or waistband at the right hip, to reset it each morning, and to record their steps each day and the times it was worn. The pedometers were tested for accuracy before and after each use. Faulty pedometers were removed from use.
The physical activity log was developed based on the format of the log book used in the Burnie Take Heart Project by the Menzies Research Institute. 20 In the physical activity log, participants recorded all activities undertaken each day from waking in the morning to going to bed, including those activities undertaken while not wearing the pedometer. This required them to record the time that each activity commenced and concluded, provide a short description of the activities, and record their intensity (low, moderate, or vigorous). Local health volunteers were available to provide assistance to participants if they had any difficulties with completing the physical activity log or the pedometer diary.
Statistical Methods
Data on self-reported physical activity were coded and scored according to the established GPAQ 21 and IPAQ
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guidelines. Hours of physical activity were weighted by the Metabolic Equivalent Task (MET) score prescribed in these guidelines for the type of activity undertaken. Only participants who completed at least 3 days of pedometer wear were included in the analyses using pedometer measurements. 23 Each activity reported in the physical activity log was assigned the MET score of the most similar activity listed in the Compendium of Physical Activities. 24 The MET-weighted total hours of each listed activity was calculated by multiplying the activity duration by its MET score. These were summed across all activities to calculate total MET-weighted hours of physical activity.
Because the physical activity measures were right skewed, medians as well as means are presented. Spearman rank correlation coefficients were used to summarize the associations between the different measures of physical activity and the associations between the first and second measurements made from GPAQ and IPAQ.
The reliability of the measurement of physical activity by GPAQ and IPAQ were compared for participants grouped according to the stability of their work patterns. Whether a participant's occupation involved job tasks that would vary from week to week was determined from participants' description of their work activities. Workers deemed to have stable work patterns were farmers (men), industrial workers, construction workers and clerks, and traders (women). Workers with unstable work patterns were farmers (women), traders (men), and homemakers (women). The classification of others such as bicycle repairers or street barbers (stable pattern) and odd-job men (unstable pattern) was determined on a case-by-case basis. The different classifications of farmers and traders for men and women deserve further comments. For farmers, the common practice is for women to participate in farm work during periods of harvest and return to domestic duties at other times. For traders, such as market stallholders and street vendors, the common practice is for men to hold other jobs (unstable pattern) but for this to be the sole activity for women (stable pattern).
Concurrent validity 25 was assessed from the correlations between each questionnaire's total physical activity measurements with that of: (1) the other questionnaire; (2) steps per day from pedometer recordings; and (3) MET hours per week estimated from the physical activity log.
Results
The characteristics of study participants are described in Table 1 . Overall, the subsample was dominated by persons who did not complete secondary school, were farmers and had a normal body mass index (BMI) according to WHO classification (18.5 kg/m 2 ≤ BMI < 25 kg/m 2 ). 26 They did not differ in these respects from the full sample of participants in the population survey (data not shown). Table 2 presents physical activity and sitting time reported by questionnaires, as well as steps per day and MET data from the physical activity log. There were unsatisfactory floor effects for some categories of the measurements by questionnaire, with many participants reporting no moderate and/or vigorous physical activity at all.
More physical activity was reported at the second administration of each questionnaire, particularly GPAQ. Further investigation of factors associated with these increases identified differences between participants classified by whether they had stable work patterns (see Methods). In our sample, 79% (95/120) of men and 43% (51/118) of women had stable work patterns. Participants who reported increased physical activity in the second administration of IPAQ tended to also report increased physical activity in the second administration of GPAQ if they had unstable work pattern. The correlations between the increase in physical activity measured by GPAQ and by IPAQ were r = .05 for persons with stable work patterns and r = .38 for those with unstable work patterns. Work physical activity measured by GPAQ was less than the sum of work and domestic physical activity by IPAQ. This difference was most marked for women, for whom domestic activities constituted the largest component of total physical activity measured by IPAQ. For each questionnaire, transport and leisure time physical activity constituted only a small portion of total physical activity. Figure 1 shows male-to-female ratios of median levels of total physical activity measured in the first administrations of GPAQ (GPAQ1) and IPAQ (IPAQ1), and by pedometers and the physical activity log. The median of total physical activity reported by men was more than twice the median of total physical activity reported by women using GPAQ1, but the measurements made using the other 3 instruments (IPAQ1, pedometers, physical activity log) were similar for men and women.
The test-retest reliability coefficients for GPAQ and IPAQ are shown in Table 3 . For total physical activity, the pairs of measurements were more highly correlated for men than for women. Although GPAQ focuses on physical activity in a typical week, the test-retest correlations of its measurements of total physical activity were much higher for men and women with stable work patterns (r = .39) than for the remaining participants with unstable work patterns (r = -0.05). On the other hand, IPAQ produced more similar correlations in each of the 2 groups (stable work patterns r = .33, unstable work patterns r = .16).
For GPAQ measurements of work physical activity, the test retest correlations were also much higher for persons with stable (r = .43) rather than unstable (r = -0.02) work patterns. The corresponding correlations for IPAQ, combining the 2 separate domains of work and domestic activities, were similar for the 2 groups (stable work patterns r = .20, unstable work patterns r = .34) but lower than the GPAQ test-retest correlations for the group with stable work patterns.
Further investigation revealed that participants who reported more work activity at the second administration of IPAQ than at the first administration tended to report less domestic activity, while those who reported less work activity on the second occasion tended to report more domestic activity (data not shown).
For physical activity in the transport domain, the GPAQ reliability coefficient (r = .25) was lower than that of the IPAQ (r = .60). To investigate this finding further, we examined modes of transport used (the IPAQ allowed us to do this because it records information on each mode of transport separately). From this, we identified a sizeable group consisting of 49% (58/119) of men and 56% (67/117) of women who used the same mode of transport (either walking or cycling) during each IPAQ reference period. These participants gave consistent accounts on the 2 occasions the questionnaire was administered, resulting in very high IPAQ reliability coefficients (correlations near unity). In contrast, this same group produced modest reliability coefficients for GPAQ.
The reliability of GPAQ (r = .21) was also poorer than that of IPAQ (r = .45) for leisure physical activity. Higher proportions of participants, particularly women, reported no leisure physical activity at both administrations of GPAQ compared with both administrations of IPAQ. Among those who reported some leisure physical activity, the majority (34 men and 18 women) reported no leisure physical activity at one administration of GPAQ and a high level of leisure physical activity at the other administration of GPAQ, resulting in negative GPAQ reliability coefficients. In additional analysis, there were no significant differences in terms of age, number of years attending school, and household income between the 2 groups of participants with stable and unstable work patterns (data not shown).
The associations between GPAQ, IPAQ, steps per day, and physical activity log MET-hours per week are shown in Table 4 . The associations with GPAQ were markedly stronger for those with stable work patterns. For men and women with stable work patterns, the correlations of GPAQ with other physical activity measures were r = .32, r = .39, and r = .31 for IPAQ, steps per days and the physical activity log, respectively. For all men, the correlations of GPAQ with other physical activity measures were r = .39, r = .38, and r = .49 for IPAQ, steps per day, and the physical activity log, respectively. The corresponding correlations for women were r = .18, r = .25 and r = -0.05, respectively.
In additional analyses, we examined associations with cardiovascular risk indicators (blood pressure, cholesterol, glucose, indices of body fatness) and found the correlations were modest and generally similar for GPAQ and IPAQ, and less than those for steps per day and the physical activity log (data not shown).
Discussion
GPAQ, with its changed definition of the work domain and a typical week as the reference period, was proposed as an improvement on IPAQ for use in developing countries. 9 The reliability and validity of the 2 questionnaires were assessed in this study.
Regarding the redefinition of the work domain, we found that activity in the work domain (GPAQ) and activity in the work and domestic domains (IPAQ) accounted for similarly large proportions, more than 80%, of total c Work activity by GPAQ and sum of work and domestic activity by IPAQ.
d Based on IPAQ reports of whether the participant used the same mode of transport on both occasions.
physical activity measured by each instrument. However, MET-weighted hours of work measured by GPAQ were less than the sum of MET-weighted hours of work and domestic activities measured by IPAQ. Activity in the domestic domain of IPAQ was a substantial contributor to hours of total physical activity among men, and the principal contributor for women. By not seeking information about domestic activities separately, GPAQ may have underestimated total physical activity. For men, our data are not conclusive because an alternative explanation of the difference in GPAQ and IPAQ estimates is that the IPAQ over-estimates participation in some forms of activity as has been reported by others. 7 For women, the case that GPAQ underestimates total physical activity appears stronger because their total physical activity was only half that of men when measured by GPAQ but almost identical when measured by 3 other instruments.
With respect to the substitution of a typical week as the reference period, 3 study findings suggest that participants had difficulty with the concept of a typical week. Firstly, test-retest reliability coefficients for GPAQ estimates of work physical activity were moderate for subjects with stable work patterns and poor for those with unstable work patterns, suggesting that participants with variable work activities were unable to report consistently on their physical activity in a typical week. In contrast, despite referring to 2 different past week reference periods, the IPAQ reliability coefficients were more similar for these 2 groups. Secondly, the strong tendency for persons with unstable work patterns to report more physical activity on the second administration of GPAQ if they also reported more physical activity on the second administration of IPAQ suggests these people tend to be influenced by their recent activities when reporting activity in a typical week. Thirdly, reports of transport and leisure physical activity in the past week by IPAQ were more consistent than reports of these activities in a typical week by GPAQ.
The concurrent validity of GPAQ measurement was moderate for those with stable work patterns, and generally poor for those with unstable work patterns. For men with stable work patterns, the correlation of GPAQ with the 3 comparison measures (IPAQ, pedometer and physical activity log) were in the range of 0.30 to 0.50. For women, however, the GPAQ measurements were not correlated with the physical activity log. GPAQ focused on moderate and vigorous activities undertaken for at least 10 minutes at a time whereas the physical activity log allowed participants to record any activity even of short duration and the women in this sample often reported activities of less than 10 minutes in duration. The validity of GPAQ for participants across all work patterns was not superior to that of IPAQ.The distinguishing difference between groups with stable and unstable work patterns appears to lie solely in their different patterns of physical activity. We could not find differences in factors such as age, education, or income that characterized the 2 groups.
There are 2 main differences between our findings and those of previous studies. We found that IPAQ had generally moderate reliability and concurrent validity while other studies have reported more favorable results. Findings from the 12-country testing of IPAQ, 4 and from a study conducted on a representative sample from China, and objective measures of physical activity. Secondly, we found that substitution of "typical week" for "last 7 days" appears to have had detrimental impacts on the reliability and validity of measurements of physical activity by GPAQ. In contrast, Craig et al 4 investigated "usual week" and "last 7 days" reference periods in IPAQ measurements performed in 12 countries, and found no particular advantage for either. There are 2 possible reasons for the different findings of previous studies and this study. One reason is that their sample involved mostly volunteer participants from urban settings while our sample was population-based and dominated by farmers. Craig et al pointed out that IPAQ did not perform well in their rural subsample (reliability coefficients 0.25 to 0.32), 4 which might be more similar to our own. We did examine our data for this urban-rural difference but we found the difference was driven by the work pattern of participants. Another reason is that the time interval between the 2 administrations of IPAQ was 7 days in the Chinese study, 5 7 to 10 days in the 12-country testing study, 4 and 3 weeks in our study. The longer time interval may have contributed to the lower reliability found for IPAQ in our study.
One strength of this study is that it was based on a representative sample of the local population that was recruited with a high response rate. None of the other studies were population-based. Selection bias is unlikely to be a major problem in this study, therefore, and the range and quantum of physical activity that was surveyed should be a good reflection of physical activity in the Vietnamese population. The use of WHO standardized protocols, the intensive training of data collection staff, the prestudy testing of procedures in a pilot study, and the close supervision of staff during data collection, all highlight the attention that was paid to minimizing avoidable sources of measurement error. The use of questionnaires, pedometer and physical activity log provided a range of physical activity measures that were sufficiently varied to minimize the prospect of misleading associations due to correlated errors.
This study is subject to a number of limitations. First, the usual caveats 27 regarding the assessment of comparative validity in the absence of a criterion standard apply here. Furthermore, as Masse 28 and Bauman et al 29 have pointed out, alternative methods of measuring physical activity such as those used in this study target different dimensions of physical activity and thus provide information that is related but different. Second, our results may not truly represent the reliability of IPAQ as a physical activity surveillance tool. On the one hand, we used the version of IPAQ intended for use in research (IPAQlong), 2 which is more reliable, 4 rather than the abbreviated version intended for use in population surveys (IPAQshort). On the other hand, our results may underestimate the true reliability of IPAQ because the reference periods were 2 different 7 day periods. Third, the definition of stable and unstable work patterns we used was based on reports of usual occupation in the last 12 months. These reports did not give us information directly on work activities performed in each occupation, and we needed to make assumptions regarding the variability of each occupation. Fourth, because we needed to adhere to standardized WHO protocols, the GPAQ was always administered before IPAQ and the other measurements of physical activity. The possibility of order-of-administration effects cannot be excluded, therefore. Lastly, the administration of a physical activity log might have an effect on participants' recall of their activities at the second administration of the questionnaires. However, physical activity logs have been shown to have no influence on the recall of physical activity. 30 In summary, the modifications made to IPAQ in the design of GPAQ may have improved the reliability of measurements of physical activity for persons with stable activity patterns, but that improved performance appears to have come at the expense of poorer reliability for those with more variable work patterns in this Vietnamese population. In addition, the modifications do not appear to have enhanced the moderate concurrent validity of IPAQ estimates of physical activity in this population. Future studies that use GPAQ should take into account this limitation. In our own work, we now allow participants who have more than 1 pattern of work to report their activities in each work pattern separately, together with the proportion of time spent on each pattern (ie, number of months in a year).
Postscript
A revised version of GPAQ has recently been made available. 9 It has minor modifications including removal of redundant screening questions and improved wording. The structure, reference period, and domains of the first version have been retained, however.
